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Dairy heifers only start to produce a return on investment at first calving. The length of the non- 
productive rearing period is largely governed by farmer decisions on plane of nutrition and re-
production management. Primary data were collected from 101 dairy farms and a cost analysis 
workbook developed to calculate individual inputs in each of three periods to determine which 
management decisions and farm factors have the greatest influence on the total costs associated 
with rearing. This paper covers weaning until conception. Heifers were weaned at 62 d (range 42 - 
112 d) and conceived by 509 d (range 365 - 700 d) giving an average weaning to conception period 
of 447 ± 60 d (range 253 to 630 d). The mean daily cost of rearing during this period was £1.65 
(range £0.75 to £2.97 on different farms) giving a mean total cost of £745.94 per heifer (range 
£295.32 to £1745.85). This large variation was mostly due to the duration, which was mainly de-
termined by age at first breeding (mean 476 days, range 365 - 700 d). The main contributors to 
total costs were feed (35.6%), labour (24.7%) and bedding (8.9%). The variables most strongly 
associated with the total costs were age at conception, calving pattern and breed. A multivariable 
model predicted an increase in mean cost of £2.26 for each extra day in age at conception. The to-
tal cost was highest in herds with all year round calving, intermediate in multi-block and lowest in 








Heifers are the future of the dairy herd and the management of their rearing is important if the herd is to be sus-
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tainable and heifer wastage reduced. A common aim is to breed replacement heifers by 15 months of age to 
achieve an age at first calving (AFC) of 24 months. This is generally considered the minimum at which animals 
are sufficiently grown to calve without difficulty and to achieve a good first lactation milk yield. In practice, few 
farms achieve an average AFC of 24 months, with mean values ranging globally from 26 to 31 months [1]. 
Keeping the AFC to 2 years reduces the cost of rearing replacements but requires a good standard of manage-
ment to ensure an adequate growth rate. Farmers generally decide when to start serving animals based on either 
age or size (weight and/or height). A high conception rate is then essential to achieve a low AFC. Another key 
consideration is health. Poor health not only slows growth and reduces fertility, but 6.9% of heifers born on UK 
dairy farms die or are culled between 28 days and the start of breeding [1] [2]. This impacts on the economics as 
the cost of resource use up to the point of death has to be apportioned onto the cohort of surviving heifers. 
The period from weaning to conception is one of great physiological change during which heifers reach sex-
ual maturity. It is also the period of greatest absolute growth with 75% of frame growth occurring prior to the 
onset of puberty [3]. Feeding and nutrition also changes during this time as calves move onto a mostly forage 
based diet after weaning with some supplementary feeding of concentrates. Within the UK, heifers are typically 
managed in groups and either kept indoors in loose housing or at pasture, depending on farm policy and season 
of calving. Management of feeding is important as heifers often experience a growth check post weaning and at 
the beginning of their first grazing season [4]. Pre-pubertal growth is particularly important from 3 months of 
age as mammary development is three times faster than the body as a whole [5]. Rapid growth of the mammary 
fat pad and the mammary ducts occurs post-weaning and this growth continues until the completion of several 
oestrous cycles [6]-[8]. 
Some studies suggest that a high plane of nutrition that encourages an increased growth rate from weaning to 
puberty reduces the amount of mammary parenchymal growth and therefore first lactation yield [9]. However, 
rapid growth rate until 4 months of age was found to have no adverse effect on mammary development [10]. A 
meta-analysis conducted by Zanton and Heinrichs [11] on prepubertal average daily gain (ADG) of Holstein 
heifers showed that maximal first lactation yield was achieved with an ADG of 799 g/d with weight gain greater 
than this being associated with decreased milk production during first lactation. At the time of breeding, around 
14 to 15 months of age, heifers should weigh 55% - 60% of their mature body weight to reduce the risk of dys-
tocia and to calve down at the correct height and weight at around 24 months of age [12]. Even within breeds 
mature BW can vary considerably according to selection policy so actual target weights should be based on 
those of the mature cows in the herd [13]. 
Puberty is the time at which reproduction first becomes possible and is dependent on a certain level of body 
fat and protein reserves being achieved. In large dairy breeds, heifers begin cycling at approximately 40% of 
mature body weight at around 9-11 months of age. Several factors have been shown to influence the age of onset 
of puberty including weight, body size, breed, season and plane of nutrition [14]. The age that heifers achieve 
puberty will influence when the heifer is bred for the first time which in turn affects the age at first calving (AFC) 
and length of the non-productive period. Brickell et al. [15] found a first service conception rate of 67% in a 
study of fertility in English nulliparous heifers compared with 57% (range 40% to 70%) in the USA [16] and 64% 
in Sweden [17]. In their study, Kuhn et al. [16] found the maximum conception rate in heifers aged 15 to 16 
months and that conception rate decreased markedly with increasing age with a 13% drop in conception rate in 
heifers aged ≥26 months. There is considerable variability between UK dairy farms in the way that heifer fertil-
ity is managed. Farmers often start by using artificial insemination (AI), perhaps for a fixed number of occasions, 
and then run remaining non-pregnant animals with a bull. Successful AI requires either good heat detection or 
use of oestrous synchronisation regimes [18]-[20]. At present there is increasing use of sexed semen on heifers 
in dairy herds, driven by welfare and economic concerns over the production of unwanted bull calves, although 
the likely success rates are approximately 70% to 80% of those achievable using unsexed semen [20] [21]. 
One of the biggest health concerns during this period is from parasitic helminths during the first grazing sea-
son. Evidence has shown that infection from gastrointestinal worms leads to substantial weight loss in rearing 
stock due to reduced dry matter (DM) intake and parasitic bronchitis [22]. Studies have shown that heifers not 
treated with either a topical worming treatment or deworming bolus prior to and after turnout have reduced 
ADG compared to treated heifers [23] [24]. Depending on the calving pattern of the farm, heifers can enter the 
milking herd without full immunity which can affect future production and fertility. 
The period from weaning to conception is normally the longest development period for replacement heifers. It 
is also a time when management of heifers is greatly reduced due to a majority of farms moving their young 
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stock to different holdings away from the home farm. The aim of this study was to examine the management and 
cost of rearing dairy heifers from weaning to conception on a sub-set of UK dairy farms. 
2. Materials and Methods 
2.1. Farm Selection, Questionnaire and Data Collection 
A total of 102 dairy farms in England, Scotland and Wales were recruited via industry extension services, farm 
consultancy groups, social media platforms and private veterinary groups. Information on costs associated with 
the period from birth to weaning have been published previously [25]. This paper covers the development period 
from weaning to conception. Data from 101 dairy farms were analysed as one farm was a flying herd and there-
fore sold off all their heifers following weaning. The farms were visited from March through August 2013 dur-
ing which an interview and questionnaire were undertaken by a single researcher (Royal Veterinary College 
Ethics and Welfare Committee number 2013 1199). The questionnaire was based on a comprehensive study of 
dairy calf and heifer rearing in Canada [26]. A total of 124 questions (46 closed and 78 open) were completed 
during the interview with 13 closed and 39 open questions covering the period from weaning to conception. In-
terviews took on average 60 minutes to complete (range 40 to 120 minutes) and included questions relating to 
labour, type and characteristics of heifer housing, the availability of solid feeds including both forage and grain 
mixtures, concentrates and by-products, details on turn-out and grazing, the transportation and movement of 
youngstock, monitoring of animals including growth rate, disease, vaccination and health treatments (worming) 
and breeding and fertility. Input costs and farm factors pertaining to this period were also recorded. 
2.2. Calculation and Analysis of Input Costs 
To calculate the time spent in the period from weaning to conception the length of gestation was subtracted from 
the average AFC provided by the farmer to give the average age at conception. The period of time that heifers 
spent in this development period was therefore the difference between the age at conception and age at weaning. 
The number of days for gestation was set at 274 days (9 months) and was based on the range of gestation lengths 
found in a study by Jousan et al. [27]. 
The cost of housing, including bedding and disinfection costs, was based on the duration that heifers spent in 
the housing unit, the stocking density, the size of the housing unit, the type of bedding used, the cost per tonne 
of bedding material, the frequency of mucking out and rebedding and the use of disinfection in the housing unit. 
For farms that used mats either in cubicles or in group housing the cost of the mat was apportioned to the heifer 
only once even if they moved onto a different housing unit that also utilized mats as bedding material. 
Feed costs including those for forage, grain mixtures, supplements, concentrates and by-products were rec-
orded. The age that particular feed types were offered to heifers were also documented as well as the price per 
tonne for the feed, the quantity fed per day (kg of freshweight) and the duration of feeding (days). If the feed 
was provided ad libitum for a period of time then the expected daily intake of feed for the particular age as dis-
cussed in the literature was used to calculate cost. If a range of figures were given for quantity, price or duration, 
the average of the figures was used in the calculations. 
Questions asked regarding turnout of heifers included whether or not heifers had access to pasture and under 
what basis they were turned out. Farmers were allowed up to three decision criteria for turn out. The month they 
were turned out and returned to their housing was recorded as was their weight and/or age. The type of pasture 
and water source heifers had access to and whether youngstock were subject to any human disturbance (e.g. 
train tracks, dog walkers, motorways) was also documented. Whether heifers were subject to disturbance was 
recorded as this might explain differences in disease incidence, time at grass and growth rate. 
The cost of grazing per hectare included annual establishment costs which were based on a five year ley and 
included the cost of seed, fertilizer and chemicals, annual fertilizer costs, the opportunity cost of renting out the 
land for other uses and the cost of contractors. The cost of contractors included the cost of fertilizer application 
and the costs associated with completing three silage cuts (mowing, harvesting, bailing and wrapping). Fertilizer 
costs, establishment costs and contracting costs were obtained from The Agricultural Budgeting and Costing 
Book [28] and DairyCo grassland management improvement programme [29]. 
The total cost of movement and transportation of heifers post-weaning included the cost of the initial move-
ment of youngstock to another holding, journeys to and from the farm each day to inspect stock and/or provide 
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supplemental feed or medical treatment, and the return journey to the farm prior to calving. It was assumed that 
the replacement herd was inspected and/or fed once per day based on The Welfare of Farmed Animals (England) 
Regulations 2000 (S.I. 2000 No. 1870) Schedule 4, paragraphs 3 and 4. If the heifers were transported to a con-
tract rearer for the duration of their time up to calving then only the initial and return journey were costed. 
Health and disease treatment during this period included the cost of vaccination, worming and ectoparasite 
treatment and the cost of veterinary medicine. If a heifer was given a booster or annual vaccination only the 
costs of those administered during the time from weaning to conception were included in the results. If the cost 
of the treatment was unknown by the farmer, the cost of the product was obtained from an online veterinary 
pharmaceutical supplier along with recommended dosage. Many treatments require a current bodyweight in or-
der to determine dosage: if the farmer did not record bodyweight then the predicted bodyweight of the heifer at 
the age of treatment was used in the calculations [30]. 
The total cost of breeding included the cost of the veterinarian or technician administering artificial insemina-
tion (AI) and pregnancy confirmation,the cost and number of straws used depending on the number of services 
per conception, whether sexed or conventional semen was used, the cost of any synchronization or oestrus in-
ducement treatments and any reproductive management services (RMS). The cost of labour associated with re-
production if AI was performed by farm personnel was included in the cost of farm labour. If the number of ser-
vices per conception and conception rate were not known, a 65% first service conception rate was applied to 
farms that did not use sexed semen and a 40% first service conception rate to farms that used sexed semen [20] 
[31]. Sexed semen was always taken to be the first semen used followed by conventional semen unless stated 
otherwise. The cost of keeping a bull on farm included the cost of purchase, depreciation and annual running 
costs which covered the expenses for food, housing and veterinary services. The cost of purchase was set at 
£4500 with a £1200 cull value based on 5 years of service. This resulted in a £660 annual depreciation cost. If 
only one bull was present on the farm, the cost was apportioned based on the number of heifers and cows he was 
required to service. If the bull was only used for the replacement herd then the costs of maintaining a bull on the 
farm was apportioned to heifers only. 
The methodology used to calculate the cost of labour, building and equipment depreciation, electricity, free 
water consumption and slurry storage and soiled bedding costs are described in Boulton et al. [25]. With refer-
ence to slurry storage the volume of slurry produced per day per heifer was estimated at 7.0 litres/day up to 91 
days of age, 20.0 litres/day aged >91 days to 395 days and 40.0 litres/day aged >395 days to conception. 
2.3. Statistical Analysis 
The costs of inputs were collated in Microsoft Office Excel 2010 with STATA v12.1 (StataCorp, College Sta-
tion, Texas, USA) used for statistical analysis. The Shapiro-Wilk test was used to test for normality and the 
Breusch-Pagan/Cook Weisberg test for heteroskedacity. Associations between each of the farm factors and cost 
of rearing were tested using simple linear regression with analysis of variance (ANOVA) used to test for differ-
ences between the means of categorical variables. Continuous variables were categorized if the plot of residuals 
against each of the continuous predictor variables failed. Explanatory variables were assessed for collinearity, 
with a score of >0.8 indicating high correlation between two variables [32]. Variables with p-values < 0.2 in the 
univariate analysis were included in a multivariable analysis using forward stepwise selection starting with the 
variable with the highest F statistic and lowest p-value from the univariable analysis. The results of the ANOVA 
were used to determine the fit of the model. Tests for interactions between variables were also conducted. 
3. Results 
The UK farms included in this study kept between 10 and 1200 milking cows. The majority of the farms (73) 
practiced an all year round (AYR) calving pattern, 14 were autumn calving (August to October), 5 spring calv-
ing (February to April) and 10 were classified as multi-block, having two distinctive calving periods with a 
break in between. They were mostly conventional enterprises, with 9 herds registered as organic. Heifers on the 
farms included in this study were weaned at 62 ± 13 d, range 42 - 112 d [25]. The mean age at conception was 
509 days, range 365 - 700. The length of the period from weaning to conception was 447 d, range 253 - 630 d. 
The contribution of each of the input costs to the total cost from weaning to conception is summarized in Table 
1 and Figure 1. 




Figure 1. Contribution of input costs to total cost of rearing from weaning to 
conception.                                                         
 
Table 1. Summary data of the contribution of each of the costs assessed to the total cost per farm from weaning to concep-
tion.                                                                                                    
Input 
% Contribution to total cost of weaning 
na Mean Range Median 
Labour 101 24.7 ± 11.9 7.3 - 72.1 22.2 
Bedding 101 8.9 ± 5.2 0.5 - 21.4 8.1 
Disinfection 66 0.2 ± 0.02 0 - 3.9 0.03 
Building depreciation 101 3.2 ± 1.3 0.6 - 7.3 3.1 
Purchased and homegrown feed 101 35.6 ± 10.0 14.9 - 56.8 35.7 
Grazing 96 7.0 ± 3.7 0 - 20.9 6.4 
Movement and transportation 77 0.8 ± 0.9 0 - 5.9 0.5 
Breeding and fertility 101 8.4 ± 4.6 0.7 - 21.7 7.6 
Water 101 2.0 ± 0.8 0.8 -4.5 1.9 
Vaccinations 74 1.9 ± 1.2 0 - 5.3 1.7 
Worm control and ectoparasite treatment 91 1.3 ± 1.0 0 - 5.3 1.3 
Disease and health treatments 11 0.6 ± 0.4 0 - 1.6 0.6 
Slurry storage 101 4.8 ± 4.3 0.6 - 23.0 3.2 
Electricity 101 2.2 ± 0.5 1.1 - 4.6 2.1 
aThere were 101 farms in the study but not all farms used all the potential inputs which were assessed. 
3.1. Labour 
The cost of labour per heifer from weaning to conception ranged from £0.09 to £2.10 per day with the total cost 
ranging from £35.01 for 433 days of rearing to £1257.91 for 630 days of rearing. The large difference in cost per 
day was most likely due to some farms having large numbers of staff compared to the number of heifers on farm 
therefore increasing the proportion of labour costs apportioned to the surviving heifers. 
3.2. Dry Feed 
The mean cost of homegrown or purchased feed (excluding grazed grass) for the period from weaning to con-
ception was £0.64 ± 0.21 per heifer per day (range £0.21 to £1.15, n = 101) with a median cost per day of £0.57. 
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Most farms (98%) fed their heifers for less than £1.00 a day during this period with only 2 farms paying more 
than £1.00 a day for feed. The mean cost of feed per heifer per day for the different calving patterns was £0.51 
for spring calving herds, £0.55 for autumn calving herds, £0.56 for multi block calving herds and £0.68 for AYR 
calving herds. When the heifers were confined for longer during this development period, the cost per day of 
feeding tended to increase as shown in Figure 2. 
3.3. Turnout and Grazing 
Five farms did not graze heifers at all prior to their being confirmed in-calf by a veterinarian (4/5) or indepen-
dent technician (scanner) (1/5). Of the farms which did turn heifers out to grass (96/101), the most common cri-
teria for turnout were grass condition (46.5%) followed by weather (38.6%) and age of the heifer (27.7%). The 
age that heifers were turned out for the first time and the amount of time spent at grass from weaning to concep-
tion was influenced strongly by the calving pattern. The overall mean age at turnout was 188.7 ± 89.7 d: this va-
ried from 129 d (spring calving), 178 d (AYR), 195 d (autumn calving) and 164 or 238 d (multi block calv-
ing).The most common month for turnout was April (47.9%) with October being the usual month for rehousing 
(63.5%).Overall, the mean number of days that heifers spent at grass was 196 ± 53.4 d (range 91 to 426 d, me-
dian = 182.5, n = 96). Separated into calving pattern, spring born heifers spent on average 231 d at grass, au-
tumn heifers 210 d, multi block heifers 204 d and AYR born heifers were generally the lowest with a mean of 
190 d although one farm out wintered their heifers. The mean cost of grazing per heifer was £48.56 ± 23.25 
(range £5.50 to £118.46, n = 96) with a median cost of £44.81.The cost per heifer per day spent grazing ranged 
from £0.06 to £0.55 with a mean of £0.25 ± 0.10 (median = £0.22, n = 96). 
3.4. Breeding and Fertility 
The information on breeding strategies used, fertility data and associated costs is summarized in Table 2. The 
overall mean age at first breeding (AFB) was 15.7 ± 2.1 months (range 12 to 23.5 months) with a median AFB 
of 15 months and the mean age at conception was 16.7 months, range 12 to 23 months. Of the farms surveyed 20% 
exclusively used natural service with a bull. Some farms (29%) did not use a bull at all, with the remaining 51% 
starting with AI then switching to a bull later. Only 11 farms used any sort of hormonal synchronization regime 
and this was nearly always associated with the use of sexed semen. Half of all farms surveyed used some sexed 
semen: only 3 used this exclusively with the remainder combining it with either conventional semen (15 farms), 
a bull (14 farms) or both (18 farms). Different farms were prepared to use between 1 and 8 straws in total (mean 
2.5 ± 1.6, median = 1 straw). The mean number of straws of sexed semen used was 1.6 ± 0.8 (range 1 to 5 
straws, median = 1 straw). For conventional semen the cost per straw was £15.14 ± 4.68 (range £7.00 to £30.00, 
median = £15.00, n = 64) whereas the mean cost of sexed semen was about twice as much per straw at £30.02 ± 
7.68 (range £15 to £54, n = 48), with a median cost per straw of £30.00. For farms using conventional semen 
 
 
Figure 2. Regression analysis between the length of time heifers spent housed 
and the cost of feed per day. Each symbol represents one farm, n = 101.            
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Table 2. Summary data of the different breeding strategies used together with their associated fertility rates and costs.           





Natural service only 20 0 517 0 Unknown† 553 32.31 
AI conventional semen 
only no bull 11 1 473 1 - 8 
69 ± 14.1  
(40% - 90%) 504 51.92 
AI sexed semen  
only no bull 3 1 461 2 - 5 
60 ± 10  
(50% - 70%) 507 119.80 
AI conventional and  
sexed semen no bull 15 0 505 1 - 5 
65 ± 17.6  
(4% - 100%) 535 58.40 
AI conventional semen 
only + bull 20 0 455 1 - 3 
66 ± 10.5  
(4% - 95%) 464 74.67 
AI sexed semen only + bull 14 8 461 1 - 3 51 ± 17.3  (2% - 80%) 507 102.61 
AI conventional and  
sexed semen + bull 18 1 454 1 - 7 
55 ± 15.0  
(4% - 90%) 490 83.50 
Total 101 11      
*Number of farms using hormone treatments; †Unknown—assigned 65%; AFS—age at first service; FSCR—first service conception rate. 
 
only, the mean first service conception rate was 66.3 ± 8.8% (range 50% to 75%, n = 8), median 70%. The mean 
first service conception rate of farms using sexed semen only was numerically lower at 59.2 ± 20.9% (range 
21% to 80%, median = 64%). 
The costs of using a bull on the farm ranged from £1.07 to £14.50 per heifer with a mean cost of £5.02 ± 2.91 
(median = £4.27, n = 59).Those farms which bred all heifers by natural service only were also the latest to start 
serving their heifers at 17 months on average (range 13 to 23.5 months), so the animals did not conceive until 18 
months. Their breeding costs of £32.31 per heifer were, however, considerably lower than on farms using AI. 
The farms using AI generally started the breeding process at a younger age of 15.4 months (range 12 to 21 
months). In terms of fertility, the age at conception was lowest on farms using conventional semen with a bull to 
follow (15.2 months, n = 20) and greatest on farms using a combination of conventional and sexed semen with-
out a sweeper bull (17.6 months, n = 15). The overall cost of breeding was lower on farms using conventional 
AI only without also keeping a bull (£51.92 per heifer). It was much higher on farms using sexed semen only 
with or without a bull (£102.61 and £119.80 respectively). Overall, the total cost of breeding and fertility (ex-
cluding the costs of farm labour) ranged from £4.79 to £153.14 per heifer with a mean total cost of £58.47 ± 
29.93 (median £55.29, n = 101). 
3.5. Housing, Bedding and Slurry 
The mean amount of time that heifers were housed during this period was 229 ± 74.5 d (range 72 to 454 d) with 
a median time of 219 d. On 31.7% (32/101) of farms heifers were introduced to cubicle housing for the first time. 
The cost per day for bedding material ranged from £0.01 to £0.60 with a mean and median cost of £0.16 and 
£0.13 respectively. There were 66 (65.3%) farms which disinfected youngstock housing when mucking out and 
rebedding. The mean cost per heifer spent on disinfection was £2.58 ± £6.23 (range £0.01 to £35.68, median = 
£0.42, n = 66).The cost of slurry storage and spreading soiled bedding ranged from £0.01 to £0.47 with a mean 
cost of £0.08 ± 0.08 (median = £0.05, n = 101). The large difference in cost per day was due to the amount of 
time the heifer spent at grass during this period with five farms permanently housing their youngstock during 
this development phase. 
3.6. Disease and Health Treatments 
A total of 11 farms treated their heifers for at least one health event during this period, with the most common 
infection treated being respiratory disease on six farms, two farms treated heifers for digital dermatitis, two 
farms treated heifers for eye infections and one farm had treated heifers for mastitis during the previous twelve 
month period. The cost per heifer per day for treatment ranged from £0.05 to £0.52 with a mean cost of £0.33 ± 
0.16 (n = 11, median = £0.35). 
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3.7. Vaccinations, Worming and Ectoparasite Treatment 
A total of 74 farms vaccinated their cattle for a particular health condition during this period. Of these farms, 28 
administered vaccinations for more than one disease. The most common condition vaccinated against was bo-
vine viral diarrhea (BVD) (61/74) followed by leptospirosis (54/74). The mean cost of vaccination per heifer 
was £12.81 ± 7.00 (range £0.80 to £30.56, n = 74) with a median cost of £10.88. Of the 96 farms that turned 
heifers out to grass, 5 farms did not use any type of worming or ectoparasite treatment prior to or after turnout or 
at rehousing. The mean cost per heifer of treatment for the farms that did use anthelmintics or ectoparasite spe-
cific treatments was £9.00 ± 7.02 (range £0.39 to £36.06, n = 91) with a median cost of £9.60. More than half of 
these farms (52.8%) used more than one type of worming treatment on their heifers. The most commonly treated 
for endoparasite (42/91) was Dictyocaulus viviparous (lungworm). The number of farms treating heifers for flies 
was 53 (58.2%) using a range of products from pour on combined worming and ectoparasite treatments to ear 
tags and garlic licks. 
3.8. Drinking Water and Electricity 
The mean cost per day per heifer for water consumption was £0.03 ± 0.01 (range £0.01 to £0.06) with a median 
cost of consumption of £0.03. The mean cost of electricity per heifer was £15.33 ± 3.66 (range £8.45 to £41.64) 
with a median cost of £14.52. 
3.9. Building Depreciation 
The cost of building depreciation per heifer for the development period from weaning to conception ranged from 
£4.17 to £60.26 with a mean cost of £23.27 ± 11.27 (median = £21.85). 
3.10. Movement and Transportation 
Of the farms surveyed, 24 did not transport their heifers with a vehicle to another holding. Of the remaining 
farms, the mean return distance travelled was 7.6 ± 11.1 miles with a median distance of 5 miles (range 0.5 
miles to 65 miles). The mean total cost of transport including once daily visits to the youngstock holding was 
£5.84 ± 8.43 (range £0.26 to £66.08, n = 77) with a median transport cost of £3.30. 
3.11. Growth Monitoring 
Only 28 farms performed some method of growth monitoring of dairy heifers. Of these, 2 recorded heights of 
heifers during rearing whilst 26 recorded weight. The most frequent method (68%) of deciding whether heifers 
were adequately grown before breeding was visual inspection, followed by use of weigh scales/crate (16%) and 
weigh tape (7%). Other methods included marks or a line on the crush or a wall, body condition score and a 
measuring stick. On 21/101 (20.8%) of farms weight and/or height of heifers were verified to ensure optimal 
stage for reproduction before breeding was performed. 
3.12. Total Cost of Rearing from Weaning to Conception 
The mean total cost of rearing from weaning to conception was £745.94 ± 238.55 (range £295.32 to £1745.85) 
with a median total cost of £701.72. The greatest contribution to total costs came from feed at 35.6% with the 
second and third highest expenses during this period being labour and bedding contributing 24.7% and 8.9% of 
total costs respectively (Figure 1). The combined feed cost including purchased and homegrown forage plus 
grazed grass ranged from 18.7% and 68.2% of the total cost of rearing with a mean contribution of 42.3% ± 9.7 
(median = 41.9%). The mean and median daily costs of rearing during this period were £1.65 ± 0.40 and £1.64 
respectively with total daily cost ranging from £0.75 to £2.97 per heifer. 
The mean total cost of rearing from weaning to conception was lowest in spring calving herds (£506.32 ± 
173.76) and highest in AYR calving herds (£801.58 ± 236.88). Autumn calving herds had the second lowest 
mean total cost (£581.29 ± 194.54) followed by multi block calving herds (£695.65 ± 140.93) (Figure 3). As 
age at conception increased so did the cost of rearing, with heifers aged between 365 and 500 days (12 to 16.5 
months) having the lowest mean total cost at £619.16 ± 143.50. The mean total cost of rearing increased by ap-
proximately 32% for heifers conceiving between 16.5 and 18 months of age (£816.38 ± 208.11) and by 60% for 
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heifers aged older than 18 months of age at conception (£988.01 ± 293.70) (Figure 4). 
3.13. Variables Influencing the Cost of Rearing from Weaning to Conception 
The main variables influencing the cost of rearing during this development period were age at breeding, age at 
conception, calving pattern and breed (Table 3). The remaining variables examined (region, herd size, culling 
rate, calving rate, stillbirth rate, first lactation yield, herd lactation yield and bovine TB status) suggested no as-
sociation with the cost of rearing from weaning to conception. A test for correlation between age at breeding and 
age at conception produced a coefficient of 0.7984 indicating high correlation between the two variables there-
fore age at breeding was excluded from the multivariable model. The outcome of the final multivariable model 
was that age at conception, calving pattern and breed accounted for 51.1% of the variability in the cost of rearing 
from weaning to conception with an F (9, 91) statistic of 10.56 (p < 0.0001). The multivariable model predicted 
an increase in mean cost of rearing of £2.26 for each extra day age at conception. The predicted decrease in cost 
of rearing for autumn, multi-block and spring calving herds compared to AYR calving herds was £136.27, 
£39.30 and £184.46 respectively. Compared to Holstein herds, Friesian x and Jersey herds had a predicted de 
 
 
Figure 3. Box and whisker plot showing the total cost of rearing from wean-
ing to conception for the four different calving patterns: a > b, P < 0.05.        
 
 
Figure 4. Regression analysis between the age at conception and the Total 
cost of rearing heifers from weaning to conception. Each symbol represents 
one farm, n = 101.                                                     
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crease in cost of rearing of £37.67 and £30.87 respectively while Holstein Friesian, Holstein x and other pure-
bred herds had a predicted increase in the cost of rearing of £47.44, £88.11 and £84.23 respectively (Table 4). 
4. Discussion 
The major factor influencing the age at which heifers calve for the first time is the age at which they conceive. 
This in turn is controlled by the age at which the animals are first bred and the success of the breeding pro-
gramme. On the farms studied here, the mean ages at first breeding and conception were 476 d (15.5 months) 
and 509 d (16.8 months). This is longer than ideal, as many animals would fail to achieve an AFC of 24 months, 
widely considered as being optimum for future productivity, fertility and survival, all of which are key determi-
nants of profitability [1] [33] [34]. For heifers to be fertile they must first have reached puberty, and age at pu-
berty is strongly influenced by nutrition and growth rate [35]. A number of previous on-farm studies have found 
evidence that some dairy heifers may be underfed, thus compromising their future performance [33] [36] [37]. 
Age at first calving and future productivity are also adversely influenced by calfhood diseases, notably bovine 
respiratory disease [33] [38]. We show here on UK farms that feed was the major expense, accounting for 36% 
of the total cost of rearing heifers from weaning to conception. Delaying first calving increases the cost of rear-
ing a heifer and decreases her future performance. It is vital that farmers understand both the importance of 
achieving good growth rates and the major factors influencing their rearing costs so that they can calve down 
well grown and healthy animals at the appropriate time. 
Feed costs (excluding grazing) accounted for between 14.9% to 56.8% of the total cost from weaning to con-
ception. When the cost of grazing was included, overall feed cost increased on average from 35.6% to 42.3% 
(range 18.7% to 68.2%). These percentages are much lower than those presented by Heinrichs et al. [39] and 
DARDNI [40] who calculated mean contributions of feed and grazing to cost of rearing from weaning to breed-
ing of 75.7% (range 71.9% to 76.6%) and 81.92% to 90.55% (depending on calving pattern and AFC) respec-
tively. The differences between the studies may result from differences in cost of purchased feed, the length of 
 
Table 3. The effect of different exposure variables on the total cost of rearing from weaning to conception assessed using 
one way ANOVA.                                                                                          
Variable# df F Prob > F Adj R2 
Age at breeding 1.99 75.21 <0.0001 0.4260 
Age at conception 1.99 76.80 <0.0001 0.4312 
Enterprise type 1.99 1.74 0.1905 0.0073 
Calving pattern 3.97 6.19 0.0007 0.1348 
Breed 5.98 3.39 0.0073 0.1068 
Region 9.91 1.66 0.1102 0.0561 
Herd size 4.96 1.85 0.1256 0.0329 
Culling rate % 5.96 1.06 0.3856 0.0032 
Calving rate % 5.95 2.71 0.0247 0.0788 
Stillbirth rate % 4.96 1.31 0.2734 0.0121 
First lactation yield 5.95 0.21 0.9575 −0.0411 
Herd lactation yield 5.95 0.40 0.8500 −0.0311 
bTB status 1.99 0.65 0.4231 0.0065 
Days at grass 3.97 0.95 0.4181 −0.0014 
#Age at breeding, age at first service; Age at conception; enterprise type, classification of farms on their organic status; calving pattern, season(s) 
when the majority of the herd calved; breed, predominant breed in the herd; herd size, number of cows in the milking herd including dry cows; culling 
rate, % cows in the herd culled in the last 12 months; calving rate, % cows in the herd calved in the last 12 months; stillbirth rate, % calves born dead 
from the number of cows that calved in the last 12 months; first lactation and herd lactation yield, respective average yields (kg) from the most recent 
305-day lactation records; bTB status, whether the farm was currently under movement restrictions. 
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Table 4. Results of multivariable linear regression analysis of cost of rearing from weaning to conception and age at concep-
tion, enterprise type and calving pattern.                                                                           
Variable  n Coefficient Std. Error t P > |t| 95% CI 
Age at conception  101 2.26 0.34 6.59 <0.0001 1.58 2.94 
Enterprise type Baseline 40 Holstein 
 Holstein-Friesian 29 57.44 43.14 1.10 0.274 −3.26 133.13 
 Holstein x 13 88.11 59.52 1.48 0.142 −30.12 206.34 
 Friesian x 4 −37.67 105.51 −0.36 0.722 −247.26 171.71 
 Other purebreds 9 84.23 71.73 1.17 0.243 −58.26 226.71 
 Jersey 6 −30.87 78.73 −0.39 0.696 −187.26 125.51 
Calving pattern Baseline 73 All year round 
 Autumn 14 −136.27 56.62 −2.41 0.018 −248.74 −23.81 
 Multi block 10 −39.30 61.76 −0.64 0.526 −161.98 83.37 
 Spring 5 −184.46 94.24 −1.96 0.053 −371.66 2.73 
 
grazing period and average AFS. The DARDNI [40] study also only considers spring and autumn block calving 
herds. The percentage contribution of feed and grazing to overall cost of rearing for this period is also likely to 
differ due to the input costs which were included in the different studies. 
The cost of grazing in the DARDNI [40] literature ranged from £29 to £33 per heifer in autumn born heifers 
and £27 to £29 in spring born heifers. In the present study the cost of grazing for autumn born heifers ranged 
from £23 to £93 and from £20 to £53 in spring born heifers. The difference in cost is likely due to the way in 
which cost of grazing was apportioned. In the DARDNI [40] study they stated specific age periods of grazing 
with effectively only one grazing season included. In this study, however, due to the location of the farms 
throughout the UK, the length of grazing season was highly variable. This accounted for the large differences 
between the ranges in cost of grazing. 
The nutritional management impacts on the farmer’s decision on when to start breeding as the heifers need to 
be of sufficient stature. In a recent survey of Dutch dairy farmers they said that they would start breeding at ages 
ranging from 13 to 18 months and the actual mean was 15.9 months, very similar to the 15.5 months reported 
here. Only a minority of farmers in either study actually measured their animals, so the size is normally judged 
by visual inspection. The actual age range recorded here was much wider, from 12 to 23.5 months. Two US stu-
dies similarly reported wide ranges in age at first breeding from 11 to 23 months [39] and 13 to 18 months [41] 
respectively. In practice this is likely to lead to some heifers calving down either too small or too fat, both of 
which can increase calving problems [42] [43]. In the study by Hultgren et al. [17] on Swedish Red Holstein 
cross heifers, the median time to breeding was 17.5 months and it was observed that the greater the time the 
heifers spent grazing, the greater the time to breeding and calving. A similar trend was found in our study. In 
contrast, whereas the Swedish study concluded that up to 5 months of grazing before first calving was more 
beneficial than zero grazing; our study found that zero grazed heifers were bred on average 3 weeks earlier than 
those which were grazed (432 d compared with 452 d). 
The cost of reproduction accounted for 8.4% (range 0.7% to 21.7%) of the total cost of rearing from weaning 
to conception. The cost per heifer ranged from £4.79 to £153.14 with a mean total cost of £58.47 ± 29.93 (me-
dian = £55.29). This is somewhat higher than a previous UK cost quoted by Promar International [44] at £48.00 
and much higher than the DARDNI Farm Business Data [40] for Northern Ireland in which they give figures for 
AI, veterinary and miscellaneous of between £33 and £38 depending on season of birth and desired AFC. Nei-
ther of these reports provide detail of what is included in ‘AI and other costs’ so it is not known whether this 
accounted for the use of both sexed and unsexed semen and what conception rate was considered. In a study by 
Heinrichs et al. [39] on 44 dairy operations in Pennsylvania, United States, breeding accounted for on average 
5.8% (range 1.2% to 7.5%) of the combined costs for the periods from weaning to 6 months and 6 months to 
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breeding. However, this would likely be lower if the study also included the cost of waste management, building 
depreciation and equipment maintenance and depreciation. 
The farms surveyed adopted a wide variety of different breeding strategies with variable levels of success. 
The cheapest and probably easiest option was just to turn heifers out with a bull. This only cost £32.31 per heifer 
but the farmers who adopted this strategy also started breeding their heifers quite late, so their age at conception 
was higher at 18 months. This would have resulted in a later AFC and so increased overall rearing costs. The use 
of conventional semen was much less than that of sexed semen with median costs per straw of £15 and £30 re-
spectively. The first service conception rate was also somewhat higher (66% v 60%) although the range was 
narrower with minimum figures of 50% and 21% respectively. This confirms much larger studies which have 
found that pregnancy rates in cattle with 2 million sexed sperm per insemination dose are about 80% of those 
with conventional semen at normal sperm doses [21]. Using sexed semen therefore increases the breeding costs 
significantly by around £30 to £70 per animal dependent on the strategy used. This extra outlay should, however, 
be recapped later due to the greater value of dairy heifers in comparison with bull calves. The use of sexed se-
men in the UK has increased rapidly in the UK over the past few years. This is to a large degree driven by wel-
fare concerns over the fate of unwanted male calves on the part of a number of the supermarkets who are major 
buyers of milk. It has the additional benefit of increasing the rate of genetic progress from the herd when more 
dairy heifers are produced and decreasing the incidence of dystocia at first calving [45] [46]. 
Hultgren et al. [17] noted in their study of Swedish heifers that the most predominant diseases from 7 months 
of age to conception were diarrhoea, respiratory disease and ringworm. During data collection in our study it 
was observed that many heifers showed evidence of ringworm although few farmers were treating the condition 
and instead were relying on exposure to sunlight to aid the healing process. In the current study respiratory dis-
ease and digital dermatitis were the two most commonly treated infections during this development period. The 
total disease incidence rate was 8.9 per 100 animal-years which is lower than Hultgren et al. [17] who recorded 
an incidence rate of 14 per 100 animal-years. Disease was, however, probably under reported by the farms sur-
veyed most likely due to the lack of reliable data recording with respect to administration of veterinary medi-
cines. 
The contribution of treating disease to overall costs of rearing from weaning to conception was 0.6% (range 
0.0% and 1.6%) with the mean cost of vaccination and worming contributing 1.9% and 1.3% respectively. If all 
three variable costs are combined as the cost of health treatments they accounted for between 0% and 8.4% of 
total cost of rearing during this period with a mean contribution of 2.7%. In the study by Heinrichs et al. [39] on 
heifer production, the cost of “Health” included the cost of vaccinations, deworming treatments and disease 
treatment costs. In their study the mean contribution of health to cost of rearing during this period was 0.8% 
ranging from 0 to 2.4%. However, the difference may be due to the fact that only the treatment cost of scours 
was included in their analysis and other more prevalent diseases during this period such as pneumonia were not 
considered. None of these figures account for the financial losses associated with death or poor growth rates due 
to disease. A previous UK study reported heifer mortality rates of 6.9% between 1 month of age and first breed-
ing [2]. 
5. Conclusion 
During the development period from weaning to conception heifers are often turned out to grass for the first 
time and are likely to be exposed to one or more types of internal parasites. This along with becoming accus-
tomed to grazing for feed can result in a decrease in daily live weight gains if heifers are not managed efficiently. 
As a majority of farms move their youngstock to different holdings following weaning, good management can 
be a challenge. Reduced daily live weight gains and body stature can increase the age of onset of puberty and 
age of breeding. The cost of rearing during this period was associated most strongly with the age at breeding and 
age at conception. These should be managed through sound rearing and breeding practices during the period 
from weaning to conception to ensure that recommended daily live weight gains are maintained consistently and 
that high conception rates are achieved. 
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